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ABSTRACT 
 
The “AE” is a disconnected panel to the east of a field “A” located offshore in the Niger Delta region of Nigeria 
operated by TOTAL E&P Nigeria. The “AE” panel is a gas condensate-bearing reservoir with 7 reservoir units and it is 
estimated to have a Gas Initially in place (GIIP) of about 12 Gsm
3
 of gas. The 2 significant reservoir units are the R4 and R9 
reservoirs. 77% of the hydrocarbon in place volume is in the R4 reservoir, which has vertically stacked sand bodies and 
intercalated shale layers. 10% of the hydrocarbon in place volume is in R9 reservoir. The development of the “AE” panel is to 
be a tieback to the main process facility on field “A” and optimized for gas production to sustain the gas export to the Nigerian 
liquefied Natural Gas (NLNG) project. The objective of this thesis is to develop an optimized gas production strategy for the 
gas condensate-bearing reservoir in the “AE” panel.  
 
Developing a gas condensate reservoir below the dew point pressure may result in reduced gas well productivity and 
consequently the ultimate recovery of gas due to hydrocarbon condensation, which creates a hydrocarbon liquid saturation in 
the reservoir. A compositional simulation model was built from a representative geological model for the “AE” panel to 
investigate the impact of the intercalated shale layers on recovery from the “AE” panel. Using a gas demand profile of 3MM 
Sm
3
/d for 4 years, different well placement strategy, well count and two recovery techniques were investigated to optimize 
recovery from the R4 and R9 reservoirs. 
 
The result shows that within the R4 reservoir, all the flow units would have to be perforated at the same time to meet 
demand and maximize recovery. The natural depletion mode of recovery proves most acceptable with a recovery of 55% with 
2 wells, while pressure maintenance with water injection only contributed to an increased water production with little 
significant increase in recovery. The recovery from the R9 reservoir will require a third well, which adds a substantial recovery 
and flexibility to explore higher field production rate. 
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Abstract 
The “AE” is a disconnected panel to the east of a field “A” located offshore in the Niger Delta region of Nigeria operated 
by TOTAL E&P Nigeria. The “AE” panel is a gas condensate-bearing reservoir with 7 reservoir units and it is estimated to 
have a Gas Initially in place (GIIP) of about 12 Gsm
3
 of gas. The 2 significant reservoir units are the R4 and R9 reservoirs. 
77% of the hydrocarbon in place volume is in the R4 reservoir, which has vertically stacked sand bodies and intercalated shale 
layers. 10% of the hydrocarbon in place volume is in R9 reservoir. The development of the “AE” panel is to be a tieback to the 
main process facility on field “A” and optimized for gas production to sustain the gas export to the Nigerian liquefied Natural 
Gas (NLNG) project. The objective of this thesis is to develop an optimized gas production strategy for the gas condensate-
bearing reservoir in the “AE” panel.  
 
Developing a gas condensate reservoir below the dew point pressure may result in reduced gas well productivity and 
consequently the ultimate recovery of gas due to hydrocarbon condensation, which creates a hydrocarbon liquid saturation in 
the reservoir. A compositional simulation model was built from a representative geological model for the “AE” panel to 
investigate the impact of the intercalated shale layers on recovery from the “AE” panel. Using a gas demand profile of 3MM 
Sm
3
/d for 4 years, different well placement strategy, well count and two recovery techniques were investigated to optimize 
recovery from the R4 and R9 reservoirs. 
 
The result shows that within the R4 reservoir, all the flow units would have to be perforated at the same time to meet 
demand and maximize recovery. The natural depletion mode of recovery proves most acceptable with a recovery of 55% with 
2 wells, while pressure maintenance with water injection only contributed to an increased water production with little 
significant increase in recovery. The recovery from the R9 reservoir will require a third well, which adds a substantial recovery 
and flexibility to explore higher field production rate. 
 
Introduction 
The “A” field was discovered in 1990, it is an offshore field with oil and gas bearing reservoirs. It is 35km offshore to the 
south of the Niger Delta (Fig. 1), with a water depth (WD) of about 40m.  The “A” Field is part of Oil Mining License (OML) 
99 and was unitized with Exxon Mobil “K” Field (OML 70) in 1997. The agreement was signed between the Nigerian 
National Petroleum Corporation (NNPC) 60%, Mobil Producing Nigeria Unlimited (MPNU) 9.6% and Total Exploration & 
Producing Nigeria Limited (TEPNG) as operator 30.4%. 
 
The “A” structure corresponds mainly to a large east-west antiform located on the downthrow side of a regional east west 
growth fault trend. It comprises of 3 main structures (Fig. 2), a fault separates the “AE” from the central and west structure, 
which represent the main structure. The “AE” structure was discovered by a well AE1 and appraised by its side-track AE2 
well drilled by MPNU in 1995. AE3 drilled in 2007, is the third appraisal well to be drilled into the “AE” panel to further 
appraisal the extent and no production has been done from the “AE” panel. 
 
Currently, the main structure has produced about 300 MM bbl Cumulative Oil Production, with a peak production of 
120,000 BOPD and a current production of about 45,000 BOPD. The produced gas is re-injected into the main reservoir with 
water for pressure maintenance and the remaining gas is exported to the Nigeria Liquefied Natural Gas (NLNG) in Bonny 
(60km away). There are currently 25 oil producers, 11water injectors and 5 gas injectors in the main structure of “A”. 
  
Imperial College 
London 
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Fig.  1—Overview of field “A” operation 
Development on the “AE” panel is expected to commence by 2020 and first gas production is expected by January, 2022. The 
“AE” panel is expected to be a tieback into the current process facilities of field “A” as shown in Fig. 1. 
 
 
Fig.  2—Plan view of the geological model of the “A” field with the "AE" Panel 
Objective 
The objective of this study is to carry out an assessment of the original gas in place and develop a dynamic simulation model 
for the “AE” panel to optimize the gas production strategy.  
 
Developing a gas condensate reservoir below the dew point pressure may result in reduced gas well productivity and 
consequently the ultimate recovery of gas due to hydrocarbon condensation, which creates a hydrocarbon liquid saturation in 
the reservoir. Aside being a gas condensate bearing reservoir, the “AE” Panel contains intercalated shale barriers capable of 
impeding vertical flow, a Net-To-Gross distribution that degrades down south of the panel, multiple water gas contact and 
multiple hydrocarbon types identified. The challenge is to capture all the above properly in a simulation model, with a careful 
consideration to other production constraint (Well Performance, pipeline transportation and separator inlet condition). The 
optimum development strategy presented therein, utilized a 3D numerical simulation (ECLIPSE 300) with all the production 
constraints identified to evaluate reservoir performance, optimize well location and investigate depletion strategies.  
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The Geology of the Niger Delta 
The Niger Delta is Tertiary accurate delta with strong wave and tide influence. It is located in West Africa, at the seaward-end 
of the Benue Trough in the Gulf of Guinea and covers an area of 75,000 Km2 (Burke, 1996). The thick wedge of Niger Delta 
Sediments can be considered to consist of three formation, based on litho-stratigraphy (Short and Stauble, 1967).The basal unit 
is predominantly under-compacted, the over pressured sequence of marine shale (Doust and Omatsola, 1990) is called the 
Akata Formation. This unit also comprises some sand beds which are thought to be continental slope channel-fills and 
turbidites. The Akata Formation is the source rock for the Niger delta and ranges in thickness from 600 to probably over 6000 
m (Fig. 3). 
 
 
 
Fig.  3—Schematic dip section of the Niger Delta (after P. Kamerling) 
 The overlying paralic sequence, forming the Agbada Formation (petroleum bearing unit in the Niger Delta),  consists of 
interbedded sands and shale with a thickness between 300m to about 4500m. The Abgada Formation is built up of numerous 
offlap cycles of which the sandy parts constitute the main hydrocarbon reservoirs and the shale the cap-rocks. 
 
Petroleum in the Niger Delta is produced from sandstones and unconsolidated sands predominantly in the Agbada 
formation. Reservoir geometry and quality, and lateral variation in thickness is strongly controlled by growth fault (Weber and 
Daukoru, 1975). Three types of primary seals rocks are recognized within the Agbada Formation (Doust and Omatsola, 1990); 
clay smears along faults, interbedded sealing unit juxtaposed against reservoir sands and vertical seals from laterally 
continuous shale-rich strata. 
 
The “A” field is located in the upper Miocene Biafra formation, consisting of prograding clastic shoreline southwards. The 
structure is a fault dependent anticline with a strong stratigraphic component (reservoirs pinch out towards the South) (Fig. 4).  
Reservoirs are between 3400 m/MSL and 4700 m/MSL. The “AE” Panel has 7 hydrocarbon reservoirs, namely R4a, R4, R4b, 
R9, R10, R11, and R12. 
 
 
Fig.  4—Prograding Clastic Shoreline Paraseqeunces of the Biafra formation 
N 
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The Geological Model of the “AE” Panel 
The properties of the geological model of the “AE” panel is shown in Table 1. The properties in the full field geological model 
(Fig. 5), from which the “AE” panel is extracted  honours the overall trend of decreasing Net-To-Gross (NTG) from North to 
South, which is clearly in line with the prograding clastic shoreline parasequence of the area (Fig. 4). Due to high vertical 
heterogeneity with fine (small lamination) variation of facies in the “AE” panel, the potential problem of overestimating the 
vertical exchange is solved by using paleogeography and NTG Maps created from subsequence. The aquifer, which is 
explicitly represented in the geological grid, supports the “AE” panel from the edge (Fig. 6). 
 
Table 1— Geological grid properties of the “AE” Panel 
 
 
There are 3 appraisal wells drilled; AE1 (November, 1995), AE2 (November, 1995) and AE3 (October, 2007) in the “AE” 
panel (Fig. 6). AE2 is a sidetrack of AE1, drilled to further appraisal the western sand extension of the “AE” panel. The well 
correlation also confirms the intercalated shale attribute, which may/may not be laterally extensive within the reservoirs unit 
and an eastward pinch out trend.   
 
The Saturation Model is based on Wright-Woody-Johnson (Johnson, 1987) method. The model links water saturation to 
permeability classes and height above the free water level (FWL). 5 rock types definition representing 5 permeability classes 
(Fig. 7) i.e. below 10mD, from 10 to 200mD, from 200 to 500mD, from 500 to 900mD and above 900mD.  
 
 
  
 
 
 
 
 
 
 
 
 
The average reservoir properties for the reservoirs identified in the “AE” panel are presented in Table 2. 
 
Table 2— Average reservoir properties for the main reservoir in the “AE” Panel. 
Reservoir  Flow unit NTG 
Porosity 
(%) 
Sw 
Perm x 
(mD) 
R4 
FU1 0.74 12.5 0.58 91.12 
FU2 0.76 13.3 0.58 162.9 
FU3 0.78 15.2 0.54 255.56 
FU4 0.38 12.2 0.63 136.79 
R9 - 0.30 10.4 0.80 75.79 
Grid Properties Value 
Grid Cells (nl X nJ X nGridlayers) 46 X 61 X 187 
Total number of cells 524,722 
Grid orientation ~NS/EW 
X0 673707.47 
Y0 459507.60 
Dx X Dy X Dz ~155m X ~152m X ~2-10m 
Fig.  5— Paleo-environment distribution in the geological 
model 
Fig.  6—Grid of “AE” Panel showing aquifer support from the edge 
Aquifer to the 
north 
AE1 
AE3 
AE2 
Fig.  7—Saturation model based on 5 rock types 
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Kv/Kh  
The Kv / Kh ratios in the reservoir model are driven by the NTG. It assumes that the shale laminations impair vertical 
transmissivities. The following Kv/Kh as a function of NTG is defined in Table 3. A Kv/Kh value of 0.001 was adopted for the 
study in the R4 since the NTG range from 0.74 to 0.78.  
 
Table 3— Kv/Kh relationship as a function of NTG for the “AE” Panel 
NTG Kv / Kh 
0.99 0.1 
0.95-0.99 0.01 
0.85-0.95 0.001 
0.7-0.85 0.0001 
Below 0.7 0.000001 
 
 
Hydrocarbon volumes 
The overall hydrocarbon volumetric of the “AE” panel is presented in Table 4. A total of 10 water gas contact (WGC) 
were defined in “AE” panel as shown in Table 5 and it is used to compute the GIIP.
 
Table 4 — Computed “AE” Panel static volumes per reservoir 
unit 
Reservoir 
Bulk 
Volume 
Net 
Volume 
Pore 
Volume 
HCPV GIIP GIIP 
  (10
6 
m
3
) (10
6 
m
3
) (10
6 
m
3
) 
(10
6 
m
3
) 
10
9 
sm
3
 
(10
6 
boe) 
R4a 0.00 0.00 0.00 0.00 0.0 0.0 
R4* 2076.26 482.10 68.30 44.1 10.5 67.5 
R4b** 315.57 77.58 9.82 6.0 1.5 9.7 
R9* 693.28 77.97 9.05 4.9 1.4 8.8 
R10 618.13 24.25 2.47 1.0 0.3 1.8 
      *The main volumes  within the "AE" Panel 
      **Reservoir is very thin and shaly 
 
 
Table 5— Computed “AE” Panel static volumes per reservoir 
unit 
Reservoir Flow-unit 
Water Gas Contact 
(m/msl) 
R4 
FU1 3750 
FU2 3760 
FU3 3790, 3870, 3820 
FU4 3830 
R4b   3850 
R9   3750 
R10   3750, 3775, 3890 
 
 
The simulation model 
The simulation model used during the course of this study was newly built and geological properties used is derived from the 
“A” field geological model received from TOTAl. The “AE” panel was isolated from the full field geological model to respect 
the fact that no communication is expected between it and the main panel. No upscalling was performed on the geological 
model, and the total number of active cells simulated is 42,459. The simulation model is a compositional one (Eclipse 300) 
based on a compositional PVT. 
 
The main petrophysical parameters (NTG, Porosity, and Permeability) were imported from the geological model. The 
saturation throughout the model is obtained from the use of a Saturation Model linking water saturation to permeability classes 
and height above the FWL (Fig .7). Thus for each of the five permeability classes, a function Swi = f (height above FWL) 
exists. 
 
Pc Curves 
To derive and implement the Pc  function (Pc = f (Swi)) in Eclipse ; the simulation model was initialized with nil Pc to obtain 
Pgas - Pwater at any given height above the free water level by extrapolating the water gradient appropriately. The obtained Pc = f 
(height above FWL) along with the function Swi = f (height above FWL) gives the relation Pc = f (Swi) for each of the five 
permeability classes implemented in the Eclipse simulation model. 6 Equation Of State (EOS) regions are defined in the model 
for the “AE” Panel with different density gradients, and 6 Pc (Sw) functions were established accordingly. This result in 30 
tables of Pc vs Swi implemented in the model. A similar technique was used to define the Pc imbibition curves. The merged Pc 
and relative permeability curves received from TOTAL for both drainage and imbibition saturation functions were 
implemented in the Eclipse compositional model. 
 
The “Stone1” method was implemented for the triphasic relative permeability. A total of 10 equilibration regions 
containing hydrocarbons (based on the FWL) were defined with an additional region defined to describe the aquifer for the 
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“AE” Panel. A total of 9 faults as described in the geological model were implemented in the simulation model for the “AE” 
panel (Fig. 8).  
 
 
Fig.  8—Plan view of the geological model of the “AE” panel showing faults 
 
Fluid Properties and Process 
6 fluid types were identified in “AE” panel; 5 by Modular Dynamic Tester (MDT) measurement carried out on AE3 in the R4 
reservoir and 1 in R9 reservoir by a Drill Stem Test (DST). The fluid properties are summarized in Table—6. The fluid model 
is based on a 4 Pseudo-component one and a total of 6 EOS model based on the 6 fluid types identified were used in the 
simulation model. 
Table 6—Fluid types and properties of the “AE” Panel. 
Reservoir 
Dynamic  
unit 
Sample 
depth 
(m/msl) 
Reservoir 
Pressure 
(bar) 
Dew 
Point 
Pressure 
(bar) 
Reservoir 
Temperature 
(
0
C) 
CGR 
(bbl/MMft
3
) 
Bo 
(m
3
/Sm
3
) 
Reservoir 
Density 
(kg/m
3
) 
STO 
Density 
(kg/Sm
3
) 
API 
(
o
) 
Viscosity 
(cP) 
R4 
R4 02-03 3667.5 386.6 363.5 139.1 76.47 10.00 295 776.1 48.9 0.0389 
 R4 04 3687.1 390.3 366 139.6 94.44 7.50 329 801 47 0.0446 
R4 05-06 3720.5 401 384.4 140.4 163.4 4.66 394 814 42.3 0.0609 
R4 07-08 3753.3 400.3 383.7 141.2 112.23 6.50 351 784 49 0.0491 
R4 09-10 3781.5 406.5 375.1 141.9 63.97 10.65 308 786 48.6 0.0414 
                        
R9 R9 01 3710 485.3 368 140.1 82.61  10.42 306.8 784.5 48.8 0.037 
 
The gas production from the “AE” panel is to be fed to the process facility (Fig. 9) installation on the “A” field, which is 
10km away. The PVT process used for the fluid model closely mirrors the actual field process (Fig. 10) and this is 
implemented in the in the simulation model to account for proper fluid volumetric.  
 
   
 
  
  
Fig.  10— “AE” field Pseudo-process 
 
Fig.  9— “A” field process schematic 
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Dynamic data 
The only dynamic data used for the simulation model are the MDT and RFT pressure points recorded on the wells (AE1, AE2 
and AE3) as the “AE” panel is not developed (no production).   
 
Initialization of the simulation model 
The initialization of the dynamic model was done considering the equilibration regions based on the WGC defined in the 
geological model of the “AE” panel. The gas-water imbibition Pc was nil to initialize the model and the initial in-place gas 
volumes within the “AE” panel is presented in Table 7.  Good visual consistency in property distribution between the 
simulation model and the geological model were observed.  
 
Table 7—Simulated initial in-place gas volumes in the “AE” Panel per reservoir unit 
Reservoir HCPV GIIP 
  (10
6 
m
3
) 10
9 
sm
3
 
R4a 0 0 
R4* 44.1 10.5 
R4b** 6 1.5 
R9* 4.9 1.4 
R10 1 0.3 
      *The main volumes  within the "AE" Panel 
      **Reservoir is very thin and shaly 
 
Table 8— Comparison of simulated initial in-place gas volumes and the static volumes in the “AE” Panel per reservoir unit 
R4 reservoir Geological Model Eclipse Model %difference 
HCPV (10
6 
m
3
) 44.1 43.47 1.45% 
GIIP (10
9 
sm
3
) 10.5 10.62 -1.13% 
        
R9 reservoir*       
HCPV (10
6 
m
3
) 4.9 5.1 -3.92% 
GIIP (10
9 
sm
3
) 1.4 1.5 -6.67% 
        
R10 reservoir** Geological Model Eclipse Model %difference 
HCPV (10
6 
m
3
) 1.4 1.39 0.72% 
GIIP (10
9 
sm
3
) 0.3 0.39 -23.08% 
* A volume multiplier of 0.98 was used to adjust simulated volume in Reservoir R9  
** Reservoir R10 is not simulated 
 
 
The initial volume in place in the simulation model was compared with that calculated volumes in the static model (Table 
4) and the result are presented in Table 8. The comparison presented in Table 8 focuses more on the reservoir volumes 
(HCPV) as surface volumes (GIIP) depends on the process path. Table 8 shows a 1.45% difference between the geological and 
the dynamic model of the R4 reservoir, this difference is within acceptable limit given that the dynamic model further captures 
the effect of rock compressibility. The R9 volume comparison gives a 3.92%, this looks big at first glance but given that in 
place volumes in R9 reservoir is small, and a little change in volume will give a significant percentage difference. A volume 
multiplier was implemented to adjust the simulated volume in the R9 to bring it close to the static volumes. Even though the 
R10 reservoir is not simulated, the percentage difference of 0.72% is within acceptable limit. Overall, the simulated volumes 
were within acceptable limit for both the R4 and the R10 reservoir and a volume multiplier of 0.98 is implemented for the R9 
reservoir to give an in place volume of 4.99 x 10
6
 m
3
    
 
History match 
The simulation model of the “AE” panel was calibrated by history matching the pressure measurement (RTF) acquired on the 
3 wells in November 1995 (wells AE1 and AE2) and in October 2007 were matched to the simulated result (Fig .11 to 13). To 
get a good match In the R4 reservoir (with 4 flow units), the dynamic communication between the flow units that were initially 
thought to be influenced by the intercalated shale layers as interpreted in the geological model, did not give a good pressure 
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match. A good pressure match (+/- 2bars) was observed in the R4 after each of the flow units in the R4 reservoir were isolated. 
A good pressure match was also seen in the R4b (Fig. 12) and R9 (Fig. 11) reservoir. The R10 and R11 reservoir are not 
simulated as shown by the highlight in Fig. 11 and 12. 
  
 
    
 
 
 
 
Well Performance 
For simplification, 1 fluid model was chosen to represent the R4 reservoir after a pressure gradient analysis was done for all 
the 5 fluid types identified in the R4. The pressure gradient analysis was done using a mechanistic model-OILGAS2P 
correlation for all the fluid types using a well performance software (IPM-Prosper
©
) and the result is presented in Fig. 14. The 
fluid type PVT-05-06 gives the highest pressure drop between the well bottom hole pressure (WBHP) and the tubing head 
pressure (THP) and as such was selected to represent the R4 reservoir (conservative approach).  
 
The minimum tubing head pressure (THP) needed at the well head to send the produced gas from the “AE” panel to the 
medium pressure (MP) separator in the process facility (10km away) of the “A” field was selected by performing a multiphase 
flow analysis using the mechanistic correlation OILGAS2P. The pressure drop expected in the pipeline (Fig. 15), given a 3 
MM sm3/d rate and variable gas oil ration (GOR) is less than 5 bars. The MP separator (Fig. 9) has a 40 bars maximum limit, 
consequently a THP of 50 bars is imposed as constraint on all wells to avoid the need of gas compression before transportation 
to the main facility with a pipeline size of 16”. 
 
The systems plot (Fig. 16) shows that a 5-1/2” tubing will produce between 1.2 to 3.3 MM/sm3/d from a vertical well with 
the reservoir pressure declining from 400 bars to approximately 200 bars without liquid loading. Fig. 16 shows that as long as 
the optimum point is on the right side, Turner liquid loading doesn’t occur (Nallaparaju, 2012). The 5-1/2” tubing was used to 
generate 2 Vertical Lift Performance (VLP) tables for both R4 and R9 reservoir unit using fluid model R4 05-06 to represent 
R4 and fluid model R9 01 to represent R9 to be used in the simulation model.  
 
To minimize erosional damage due to high rate gas production (1.5 to 2 MMsm3/d), a 20m/s gas velocity limit 
recommendation from TOTAL based on studies from an operated gas condensate analogue field –Ibewa field). A gas velocity 
profile was generated for both production rate of 1.5 MM sm
3
/d and 2 MM sm
3
/d and the result (Fig. 17 to 18) shows velocity 
Fig.  11—Well AE1 RFT pressure match Fig.  12—Well AE2 RFT pressure match 
 
Fig.  13—Well AE3 RFT pressure match 
Not simulated 
Not simulated 
Observed data 
Simulated data 
Observed data 
Simulated data 
Observed data 
Simulated data 
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profiles (with varying GOR) are less than 20m/s. A drawdown limit of 30 bars was also imposed to prevent sand production 
and completions equipment damage. This value was obtained from the analogue field –Ibewa (a TOTAL operated gas field).  
 
 
       
 
  
.      
 
 
 
 
Study Methodology 
The development optimization of the “AE” panel will make use of the forecasted results from the simulation model. A 6-year 
gas demand profile (Table 9) for the “AE” panel (received from TOTAL) was used to guide the development strategy.  
 
Table 9— Gas demand profile used for forecast. 
  Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 
Export Gas (G sm
3
) 1.20 1.09 1.23 0.89 0.38 0.13 
Yearly Gas demand (G
 
sm
3
) 1.21 1.1 1.24 0.9 0.39 0.14 
Daily Gas demand (MM sm
3
/d) 3.29 2.99 3.37 2.44 1.04 0.36 
 
Highest pressure drop 
Optimum point 
Fig.  14—PVT 05-06 pressure drop profile 
 
Fig.  15—10 km Pipeline pressure drop analysis. 
 
Fig.  16—Inflow performance relationship and 5-1/2” lift curve. 
 
Fig.  17—Gas velocity profile at 1.5 MM sm3/d. 
 
Fig.  18—Gas velocity profile at 2 MM sm3/d. 
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From Table 9, the first 3 years are crucial as gas demand averages 3.2 MM sm3/d and a decline is observed from the fourth 
year. Based on this a base case simulation of gas production rate of 3 MM sm
3
/d was adopted and a sensitivity was done 
afterwards with rates 3.5 MM sm
3
/d and 4 MM sm
3
/d. Only reservoir R4 (77% of the total GIIP) and R9 (10% of the total 
GIIP) were explored for development in this study, as reservoir R10 GIIP is too small and R4b is thin and shaly. The main 
production method employed for the study is natural depletion (Case A) and the impact of pressure maintenance (Case B) was 
also investigated.  The average reservoir pressure in the R4 is 400 bars and the dew point average pressure is approximately 
380 bars, which means that the bulk of the production will be at a pressure below the dewpoint for the natural depletion case. 
The perforation strategy employed for the R4 reservoir is to perforate the entire 4 flow units together at once as shown in the 
RFT (Fig. 11 to 13) match that the flow units are not in dynamic communication. 
 
Case A (Natural Depletion) 
R4 Reservoir 
The first objective of the simulation is to optimize well placement and well count in the R4 reservoir. Vertical well 
positions were optimized in the R4 (Fig. 19) using the permeability thickness map, Hydrocarbon pore Volume map, water 
saturation map and the NTG map for different flow units.  The wells are targeted at areas of both high permeability thickness 
and hydrocarbon pore volume but at considerable distance away from the aquifer (water saturation map).  
 
 
Fig.  19—Well placement strategy showing 3 wells within multiple maps in R4 reservoir 
Compositional simulations runs were made from January 2022 to May 2033 (end of field license) with different well count 
in the optimized location. The result (Fig. 20) shows that, for the imposed constraint (Table 10), increasing the well count 
beyond 2 will not increase total recovery. A total recovery of approximately 5.8 Gsm
3
 which gives a recovery factor of 55% 
(R4 GIIP is 10.5 sm
3
). Well A2 and A3 were selected to be the optimized well to produce the R4 reservoir. 
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Table 10— Gas Production constraints with well count. 
Well Count Well Name 
Well THP Constraint  
(bar) 
Field Gas production 
Constraint  
(MM sm
3
/d) 
Well Gas Production 
(MM sm
3
/d)  
1 - - - - 
2 A2, A3 50 3 1.5 
3 A2, A3, A5 50 3 1.5 
4 A2, A3, A5 50 3 1.5 
5 A2,A3,A4,A5 and A6 50 3 1.5 
 
 
 
 
Fig.  20—R4 reservoir recovery with increasing well count 
The production profile for the 2 wells (A2 and A3) is shown in Fig. 21, a plateau of 3 MM sm3/d can be sustained for 4-
1/2 years and associated condensate production of 10.3 MM stb (Fig. 22). The pressure profile (Fig. 23) of one of the wells 
(A2) shows that the drawdown limit is not exceeded and the reservoir pressure at end of simulation is approximately 202 bars. 
This is within the limit of the VLP analysis. 
 
 
           
 
     
Fig.  22—Condensate production profile of 2 wells in R4 
reservoir 
 
Fig.  21— Gas production profile of 2 wells in R4 reservoir 
 
FGPT 
FGPR 
FOPT 
FOPR 
FGPT 
FGPR 
FGPT- Field Gas Production Total 
FGPR- Field Gas Production Rate 
FOPR- Field Oil Production Rate 
FOPT- Field Oil Production Total 
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At first glance the recovery factor using 2 wells seems rather low for a gas reservoir but in this particular scenario a THP 
limit of 50 bars imposed on all the wells (Table 10), is responsible for the limits in production and not increased near wellbore 
condensation. A simulation run with a reduced THP to 10 bars was done and the result shows (Fig. 25) that a total recovery of 
7.1 Gsm
3
 is possible (recovery factor of 70%). This however will not be an option in this development strategy since it will 
require an installation of a gas compression facility at the “AE” panel.    
 
The possibility of higher field gas production rates were also explored on the R4 reservoir, but since a well production limit 
of 1.5 MM sm
3
/d has been imposed, more than 2 wells will be necessary for higher rate production. Simulation was done using 
3 wells with total field production of 3 MM sm
3
/d, 3.5 MM sm
3
/d, and 4 MM sm
3
/d. The result shows (Fig. 25 to 26) that a 
total recovery 5.8 Gsm
3
 can be achieved in 3.5 years with a field production constraint of 4 MM sm
3
/d.   
 
 
Fig.  25—Gas production profile for reservoir R4 development with increasing field production rate 
 
Fig.  24—Gas production profile showing a total recovery of 
7.03 G sm3 (Recovery factor 70%) from R4 reservoir with THP 
of 10 bar 
Fig.  23—Well A2 Pressure profile showing production 
constraint. 
 
FGPT 
FGPR 
FGPT 
FGPR 
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Fig.  26— Associated condensate production profile from reservoir R4 development with increasing field production rate 
R9 Reservoir 
4 scenarios were considered as possible strategy to develop the R9 reservoir. Since it has been established that 2 wells will 
be sufficient to produce the R4 reservoir, a third well drilled through R4 will target and produce the R9 reservoir. The first 
scenario is a case of 2 wells dedicated to R4 production and the third well dedicated to the R9 production. The second scenario 
presents a case of 2 wells producing R4 and the third well producing R9 initially and after a production declines from R9 
reservoir a zone change to R4 reservoir is done.  
 
The results of these two scenarios shows (Fig. 27) that a decision to produce from R9 reservoir will not only extend the 
initial plateau by approximately 1 year but also add an additional recovery of 0.8 G sm
3
 to the production. With respect to the 
strategy (dedicating a well to R9 or Zone changing the dedicated well after production decline) adopt to produce R9, the result 
shows no difference in terms of total recovery, as both scenarios were able to recover 6.6 G sm
3
 of gas but in terms of plateau; 
the second scenario can maintain a plateau of 3 MM sm3/d for 5.7 years while scenario one can only maintain the rate for 5.3 
years. The recovery factor of 58% from the R9 reservoir brings the total recovery factor for the “AE” panel to 55% within the 
production constraint (Table 11). The Well A5 placement is optimized for both R4 and R9 reservoir. 
 
 
Fig.  27—Gas production profile for reservoir R9 development. 
 
Table 11— Gas Production constraint for R9 development 
Well Count Well Name 
Well THP Constraint  
(bar) 
Field Gas production 
Constraint  
(MM sm3/d) 
Well gas Production 
(MM sm3/d)  
3 R4 (A2 and A3) , R9 (A5) 50 3 1.5 
 
FOPT 
FOPR 
FGPT 
FGPR 
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The third scenario is a case where 1 well is dedicated to the production of R4 reservoir and another well is dedicated to the 
production of R9 reservoir with a zone change to R4 once gas production decline is observed in the R9 reservoir. The result 
(Fig. 28 and 29) is compared with that of a case of dedicating 2 wells to produce only from R4 reservoir shows that even 
though recovery can be potentially increased to 6.6 Gsm
3
 and plateau extended by 1 year the scenario will not be 
recommended giving that the gas demand of 3MM sm
3
/d will not be met for approximately 2 years at the start of production.  
 
     
 
 
 
The fourth scenario looked at the possibility of higher field gas production rate from the R4 and R9 reservoir utilizing the 
first scenario and  increasing the field production rate from 3 MM sm
3
/d to 3.5 MM sm
3
/d, and 4 MM sm
3
/d. The result shows 
(Fig. 30) that a total recovery 6.6 Gsm
3
 can be achieved in 1.5 years with a group constraint of 4 MM sm
3
/d.   
 
 
Fig.  30— Gas production profile for reservoir R4 and R9 development with increasing field production rate 
Case B (Pressure maintenance) 
2 water injectors were placed within the aquifer in the R4 Reservoir to provide addition pressure support and with the 2 wells 
A2 and A3 constrained to produce at a group target of 3MM sm3/d. The result shows (Fig. 31) an additional recovery of 0.7 
Gsm
3
 as against the scenario with 2 wells with no water injection. A maximum water production rate of 30000 sm3/d (Fig. 32) 
was observed in the water injection case as against no water production in the 2 wells with no water injection.  
 
This is expected has the R4 reservoir has high permeability-thickness up north (Fig. 19), where the wells are located. This 
case was not considered due to the current water handling capacity constraint (7200 sm
3
/d) of the process facility in the “A” 
field. Furthermore this will require that a pumping facility installation on the “AE” field. 
 
Fig.  28—Gas production profile from reservoir R4 and R9 
utilizing 2 wells (A2 and A5). 
Fig.  29—Associated condensate production profile from 
reservoir R4 and R9 utilizing 2 wells (A2 and A5). 
FOPT 
FOPR 
FGPT 
FGPR 
FGPT 
FGPR 
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Fig.  31—Field gas production profile of well A2 and A3 with and without water injectors I1 and I2 in R4 reservoir
 
Fig.  32—field water production profile of well A2 and A3 with injectors I1 and I2 in R4 reservoir 
 
Conclusion 
This thesis has presented the “AE” panel, which is gas condensate bearing, the work shows that the intercalated shale present 
in “AE” panel will indeed impede vertical flow and its behaviour has been properly captured in the simulation model by 
appropriate relationship between NTG to the Kv/Kh ratio from studies on analogue reservoir. Consequently, this has also 
affected the choice of perforation strategy, as the flow units will need to be perforated at the same time to meet gas demand 
 
The calculated GIIP of the “AE” panel is 11 Gsm3, with 77% of the hydrocarbon in the R4 and 10% in the R9 reservoir. 
Forecasted scenarios shows that with 2 vertical wells and natural depletion mode that a recovery factor of 55% is achievable 
which will sustain gas demand at 3 MM sm
3
/d for 4-1/2 years. The thesis also shows that the recovery factor in the “AE” panel 
is limited by production constraint and it is possible to increase the recovery factor from 55% to 70% by lowering the THP 
limit imposed on the wells from 50 bars to 10 bars. However this strategy will not be explored, as it requires gas compressor 
installation facility on the “AE” panel. The recovery from the R9 reservoir will require a third well, which will add a 
substantial recovery (0.82 G sm
3
) and higher production rate flexibility from the field. 
 
The thesis also shows that pressure maintenance with water injection will only contribute to an increase water production 
with little significant increase in recovery. This strategy is discarded as the forecasted water production rate cannot be handled 
on the process facility on the “A” field and this effort will require water pumping facility installation on the “AE” panel for 
injection. 
 
  
FGPT 
FGPR 
FWPR 
FWPT 
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Recommendation 
Based on the forecasted scenario and gas demand profile, the following are recommended as development strategy; 
 It is recommended that the R4 and R9 reservoir be developed only. 
 All flow units in the R4 should be perforated at the same time to meet the gas demand.  
 Two vertical wells in the R4 is optimal to meet the gas demand of 3MM sm3/d for 4 years (55% recovery factor), 
while a third well is required for higher production rate flexibility.  
 Based on the pressure drop analysis a 16” pipeline is recommended for tieback to the “A” field process facility with a 
wet tree installation. 
 A 5-1/2” vertical well completions is recommended with minimum THP limit of 50 bars to target the MP separator on 
the “A” field process facility. 
 
Nomenclature and Abbreviation 
𝑝 Pressure (psia) 
𝑘 Absolute permeability (mD) 
𝑘𝑣 Vertical permeability (mD) 
𝑘ℎ Horizontal permeability (mD) 
𝑊𝐵𝐻𝑃 Well bottomhole pressure (bar) 
𝑇𝐻𝑃 Tubing head pressure (bar) 
𝑃𝑑𝑒𝑤 Dew point pressure (bar) 
𝑆𝑢𝑏𝑠𝑐𝑟𝑖𝑝𝑡 𝑔 Gas phase 
𝑆𝑢𝑏𝑠𝑐𝑟𝑖𝑝𝑡 𝑝 Phase (Oil, Gas) 
𝐶𝐺𝑅 Condensate-gas ratio  
𝐸𝑂𝑆 Equation of state 
𝑆 Saturation 
𝑠𝑡𝑏 Stock Tank Barrel 
FGPR Field Gas Production Rate (G sm
3
/d) 
FGPT Field Gas Production Total (G sm
3
) 
FOPR Field Oil Production Total (MM stb/d) 
FOPT Field Oil Production Total (MM stb) 
FWPT Field Water production Rate (sm
3
) 
FWPR Field Water Production Total (sm
3
/d) 
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APPENDIX A: Literature review 
 
 
 
  
References Year Title Authors Contribution 
WPC-16121 1975 
Petroleum Geology of 
the Niger Delta 
J. Weber Daukoru 
(Shell-BP Nigeria Ltd, 
Lagos, Nigeria) 
Insight on delta development, 
structural geology, sedimentology, oil 
migration and trapping in the Niger 
delta 
SPE-18306 1991 
Brent Field 3D 
Reservoir Simulation 
Tollas, J.M., Esso E and 
P U.K. 
McKinney, Andrew, 
Esso E and P U.K 
 
The study shows the viability of the 
base development plan of Brent field. 
The field consist of multiple (two) 
separate reservoirs and multiple 
pressure zones with variable PVT fluid 
properties and condensate rich gas cap 
(A close analogue to the “Field A” 
currently understudy). 
SPE-88931 2004 
Regional Correlation on 
saturation Height 
function for Niger Delta 
oil province 
Anijekwu C, Odegbesan 
C.O and Ogagarue 
E.E.E, Shell Petroleum 
Development Company 
of Nigeria Limited 
The study presents result between the 
derived height function and log 
derived saturation of one hundred and 
thirty one core measurements from 
seventeen fields in the Niger delta oil 
province sampled. 
SPE-150766 2011 
Field Development and 
Optimization Strategy 
of a Giant Gas 
Reservoir in the 
Gbaran-Ubie Node 
Ikpera Cordelia, 
Eleluwor Esta, SPE, 
SPDC Nigeria 
The paper presents useful tips used in 
optimizing gas recovery from XON 
AB4000X reservoir in the Gbaran-
Ubie node (Niger delta) 
SPE-162967 2012 
3D Integrated Reservoir 
Modeling of a 
structurally complex 
Niger Delta Reservoir 
Francis Dike, Omobude 
Osemoahu, Idris 
Olatunji, Nayagawa 
Mbursa, Kefe Amrasa, 
Ugochukwu Aboaja and 
Rotimi Osho, SPDC 
Warri 
This paper shows the techniques 
employed in building the static and 
dynamic models and shows a 
comparison of the reserves estimate 
results from analytical techniques 
versus 3D dynamic estimation 
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WPC-16121 (1975) 
Petroleum Geology of the Niger Delta 
Authors: J. Weber Daukoru (Shell-BP Nigeria Ltd, Lagos, Nigeria) 
 
Contribution to the understanding of the Niger-Delta field: 
Insight on the delta development, structural geology, sedimentology, oil migration and trapping in the 
Niger delta 
 
Objective of the Paper: 
The paper explains the role of growth fault in associated rollover structures in trapping hydrocarbon, 
hydrocarbon distribution and hydrocarbon migration paths in a paralic deposit. 
 
Conclusion: 
The most important geological feature is the growth fault which forms the oilfield structures and which 
may also constitute the migration route of the hydrocarbons from the shale of the Akata Formation into 
the paralic sand layers of the Agbada Formation. The paralic cyclic sedimentation pattern is well 
established, but not much is known as yet about the distribution of continental slope channel-fills and 
turbidite fans. 
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SPE-18306 (1991) 
Brent Field 3D Reservoir Simulation 
Authors: Tollas, J.M., Esso E and P U.K.  McKinney, Andrew, Esso E and P U.K 
 
Contribution to the understanding of multiple zones with variable PVT: 
The study shows the viability of the base development plan of Brent field. The field consist of multiple 
(two) separate reservoirs and multiple pressure zones with variable PVT fluid properties and condensate 
rich gas cap (A close analogue to the “Field A” currently understudy). 
Objective of the Paper: 
The paper describes the use of third-generation, 3D-model characterized by detailed geologic description 
to do well management. 
Methodology used: 
Reservoir Simulation. 
Conclusion: 
The use of the 3D simulation to predict water flooding behaviour was successful. 
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SPE-88931 (2004) 
Regional Correlation on saturation Height function for Niger Delta oil province 
Authors: Anijekwu C, Odegbesan C.O and Ogagarue E.E.E, Shell Petroleum Development Company of 
Nigeria Limited 
 
Contribution to the understanding saturation height function in the Niger delta: 
The study presents result between the derived height function and log derived saturation of one hundred 
and thirty one core measurements from seventeen fields in the Niger delta oil province sampled.  
 
Objective of the Paper: 
The objective of the paper is to match saturation from derived height function to that of log derived 
saturation in the Niger Delta.  
 
The study presents result between the derived height function and log derived saturation of one hundred 
and thirty one core measurements from seventeen fields in the Niger delta oil province sampled. 
 
Methodology used: 
One hundred and thirty one core samples from 17 fields in the Niger delta were analysed and a 
relationship derived to match actual log derived saturation from different field in the Niger delta. 
 
Conclusion: 
Saturation obtained from the correlation proves valuable in estimating STOIIP and GIIP from partially 
appraised fields with 5% relative to those estimated using log derived saturation  
 
Comment: 
Even though this was not used for the project as log derived saturation function exists for the field, values 
obtained from calculation compares very well with the relationship. 
  
Geomodel Update and Development Optimization of a Niger Delta Field 21 
 
SPE-150756 (2011) 
Field Development and Optimization Strategy of a Giant Gas Reservoir in the Gbaran-Ubie Node 
Authors: Ikpera Cordelia, Eleluwor Esta, SPE, SPDC Nigeria 
 
Contribution to the understanding of gas recovery from a Niger delta field: 
The paper presents useful tips used in optimizing gas recovery from XON AB4000X reservoir in the 
Gbaran-Ubie node (Niger delta) 
 
Objective of the Paper: 
The objective of the paper is to match saturation from derived height function to that of log derived 
saturation in the Niger Delta.  
 
The paper presents useful tips used in optimizing gas recovery from XON AB4000X reservoir in the 
Gbaran-Ubie node (Niger delta) 
 
Methodology used: 
The methodology used to optimize different aspect that contributes and affect the total recovery, from 
proper estimation of GIIP to drilling and subsurface optimization. 
 
Conclusion: 
With each aspect optimized, the GIIP increased by 22% (Proper estimate) and Condensate initially in 
place increased by 24% (PVT samples now available). The development plan was also able to 
demonstrate the optimal well count for the development. 
 
Comments: 
This paper provides good insight to how to go about optimizing a strategy by taking a holistic approach.  
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SPE-162967 (2012) 
3D Integrated Reservoir Modeling of a structurally complex Niger Delta Reservoir  
Authors: Francis Dike, Omobude Osemoahu, Idris Olatunji, Nayagawa Mbursa, Kefe Amrasa, 
Ugochukwu Aboaja and Rotimi Osho, SPDC Warri 
 
Contribution to the understanding of dynamic model development from static model: 
This paper shows the techniques employed in building the static and dynamic models and shows a 
comparison of the reserves estimate results from analytical techniques versus 3D dynamic estimation 
 
Objective of the Paper: 
The objective of the paper is to show techniques employed in building the static model and dynamic 
model and show a comparison of results from analytical techniques (material balance) versus 3D 
dynamic estimated 
 
Methodology used: 
The methodology used is to build a 3D static model, initialize and history matched it with about 40years 
of production history. The history matched model was then used for forecast.  The results were then 
compared to that from analytical solutions (material balance and decline curve analysis) 
 
Conclusion: 
The results obtained from the two methodologies are comparable though with simulation result slightly 
higher. 
 
Comments: 
The 3D static model used for my project was provided by TOTAL, but the paper proves valuable in 
history matching. 
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9th Biennial International Conference & exploration on Petroleum Geophysics P446 
Prediction of Liquid Loading 
Authors: Yashaswini Nallaparaju. 
 
Contribution to the understanding of liquid loading in a gas well: 
The paper presents an easy way to predict liquid loading in gas wells by intersecting the Turner curve 
with the Inflow performance relationship (IPR) and the vertical lift performance curve.   
 
Objective of the Paper: 
The paper explains the importance of recognizing liquid loading symptoms at early stages, and the need 
to design proper solution for the gas wells in order to minimize the negative effects of liquids filling up 
the wellbore. 
 
Conclusion: 
The Turner model (which all other theories are based) gives the most conservative value of critical 
velocity of all the methods for any value of pressure and it is the most widely used and accepted model in 
oil and gas industries.  
 
  
24                                                                                                Geomodel Update and Development Optimization of a Niger Delta Field
  
 
APPENDIX B: Geological Data 
 
 
Fig. B—1 Lithostratigraphic column of eastern Niger delta, showing the “A” Field (TOTAL, internal memo)  
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Fig. B—2 Paleo-environment distribution of the geological model showing consistency with the paleogeography of the “A” field 
 
 
 
 
 
Fig. B—3 Geological grid of “AE” Panel showing aquifer support from the edge   
Aquifer support at the 
edge of the panel 
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Fig. B—4 Log interpretation of the AE1 well 
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Fig. B—5 Log interpretation of the AE2 well   
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 Fig. B—6 Log interpretation of the AE3 well 
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Fig. B—7 NS-SW well correlation for the “AE” panel 
 
From Fig. B-7 (NS-SW well correlation for the “AE” Panel) is can be observed that good NTG is observed up north (Well AE3) and this degrades as we move 
down south (Well AE2). The sand pinches towards the west as shown in well AE3.  
AE3
3 
AE2 AE1 
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Table B—1 Grid Layering and gas water contact for the “AE” Panel 
 
From Table B-1 shows the layering and the gas water contact used in the simulated model.   
Reservoir Flow  Unit Subsequence
Contact
(m/msl) 
Layering
Zone R4up 1
Zone R4a 2-5
Zone R4a1 6-7
Zone R4a2 8
Zone S0up 9-11
Zone S0a 12-15
Zone S0b 16-19
Zone S0c 20-22
Zone S0d 23-26
Zone S1up 27-30
Zone S1a 31-34
Zone S1b 35-38
Zone S1c 39-40
Zone S1d 41-42
Zone S2up 43-45
Zone S2a 46-48
Zone S2b -3870 49-51
Zone S2c 52-54
Zone S2d 55-57
Zone S3up 58-60
Zone S3a 61-63
Zone S3b 64-66
Zone S3c 67-69
Zone S4up 70-74
Zone S4a 75-79
Zone S5up 80-83
Zone S5a 84-87
Zone S5b 88-91
Zone S5c 92-95
Zone S5d 96-99
Zone S6up 100-101
Zone S6a 102-103
Zone S7up 104-105
Zone S7a 106-107
Zone R9a 108
Zone R9b1 109-113
Zone R9b2 114-118
Zone R9b3 119-123
Zone R9b4 124-128
Zone R10up -3750 129-131
Zone R10a -3775 132-136
Zone R10b 137-141
Zone R10c 142-145
Zone R11up 146-148
Zone R11a 149-152
Zone R11b 153-157
Zone R11c 158-160
Zone R12up 161-163
Zone R12a 164-166
Zone R12b 167-169
Zone R13 170
Zone R14 171
inter R14_R15 172
Zone R15up 173-174
Zone R15a 175-176
Zone R15b 177-178
Zone R15c 179-181
Zone R15d 182-184
Zone R15e 185-187
* Reservoir unit is all shaly in the "AE" Panel 
-3890
R15*
R13R14*
-3750R9
R10
-3750
-3760
-3790
-3820
-3830
-3850
R11
R12
FU1
FU2
FU3
FU4
R4a
R4
R4b
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APPENDIX C: PVT Data 
EOS 
NUMBER 
EQLNUM* Layer Sequence Flow unit Reservoir 
5 14 
9-11 SO 
FU1 
R4 
12-15 SOa 
16-19 SOb 
6 15 
20-22 SOc 
23-26 SOd 
7 16 
27-30 S1 
FU2 
31-34 S1a 
35-38 S1b 
39-40 S1c 
41-42 S1d 
8 17 
43-45 S2 
FU3 
46-48 S2a 
9 
18 49-51 S2b 
19 
52-54 S2c 
55-57 S2d 
20 
58-60 S3 
FU4 
61-63 S3a 
64-66 S3b 
67-69 S3c 
70-74 S4 
75-79 S4a 
  
28 80-99 S5-S6   
R4B** 
 
100-107 
S6-S7   
10 
21 
108 R9A   
R9A 
109-128 R9B   
9 
129-131 R10a   
R10 
22 132-136 R10ab   
23 
137-141 R10bc   
142-145 R10c   
  
- 146-160 R11ac   R11** 
- 161-163 R12a   R12** 
    164-166 R12b   
      R13   R13*** 
      R14   R14*** 
    173-174 R15   
R15*** 
    175-176 R15a   
    176-178 R15b   
    179-181 R15c   
    182-184 R15d   
    184-187 R15e   
* EQLNUM - This is the equilibration region number defined in the model 
** Reservoir unit not simulated  
*** Reservoir unit not available in the "AE" panel 
Table C—1: EOS Regions defined in the “AE” Panel 
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Cut Lumping 
GN1 N2 + C1 +C2 +CO2 
GN2 C3 + iC4 + NC4 
GN3 iC5 + C5 +C6 +C7 + C8 + C9 
GN4 C10 + CNG1 + CNH2 + CNH3  C10-C30+ 
Table C—2: PVT Lumping rule 
 
 
4C-EOS Model for R4 (02-03).  EOS: Peng Robinson EOS Reservoir Temperature = 1390C Surface Pressure = 1bar 
Surface Standard Temperature = 150C 
 
 
Table C—3: Composition fluid properties for R4 (02-03) 
 
 
Table C—4: Equation of State Parameters for R4 (02-03) 
 
 
 
Table C—5: Binary interaction coefficients for R4 (02-03)  
 
 
  
Table C—6: Total composition with respect to depth for R4 (02-03) 
 
 
 
4C EOS Model for R4 (04).  EOS: Peng Robinson EOS Reservoir Temperature = 139.55
0
C Surface Pressure = 1bar 
Surface Standard Temperature = 150C 
 
 
Table C—7: Composition fluid properties for R4 (04) 
CUT
Mole
 (mole%)
MW
(g/mole)
Tc
(°C)
Pc
(bar)
Vc
GN1 85.581 17.960283 205.449429 48.001072 0.102197
GN2 6.775 49.483959 391.332097 40.52999 0.224228
GN3 4.963 96.368092 533.150000 30.50000 0.394061
GN4 2.681 206.287075 813.150000 22.40000 0.995724
CUT ACF SSHIFT PARACHOR OMEGAA OMEGAB
GN1 0.024353 -0.3 79.04906 0.457236 0.077796
GN2 0.16096 -0.2 164.185762 0.457236 0.077796
GN3 0.25 0 293.01222 0.457236 0.077796
GN4 0.3 0.01 612.35826 0.457236 0.077796
GN1 GN2 GN3 GN4
GN1
GN2 0.0000
GN3 0.0000 0.0000
GN4 0.0862 0.0600 0.0000
ZMFVD GN1 GN2 GN3 GN4
1 0.85581 0.06775 0.04963 0.02681
10000 0.85581 0.06775 0.04963 0.02681
CUT
Mole
 (mole%)
MW
(g/mole)
Tc
(°C)
Pc
(bar)
Vc
GN1 84.644 17.960283 205.449429 48.001072 0.102197
GN2 6.562 49.483959 391.332097 40.52999 0.224228
GN3 5.427 96.368092 545.150000 29.00000 0.394061
GN4 3.367 206.287075 805.150000 23.20000 0.995724
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Table C—8: Equation of State Parameters for R4 (04) 
 
 
 
Table C—9: Binary interaction coefficients for R4 (04) 
 
 
  
Table C—10: Total composition with respect to depth for R4 (04) 
 
 
4C EOS Model for R4 (05-06).  EOS: Peng Robinson EOS Reservoir Temperature = 140.4
0
C Surface Pressure = 1bar 
Surface Standard Temperature = 15
0
C 
 
 
Table C—11: Composition fluid properties for R4 (05-06) 
 
 
Table C—12: Equation of State Parameters for R4 (05-06) 
 
 
 
Table C—13: Binary interaction coefficients for R4 (05-06) 
 
  
Table C—14: Total composition with respect to depth for R4 (05-06) 
 
CUT ACF SSHIFT PARACHOR OMEGAA OMEGAB
GN1 0.024353 0.024353 -0.15 0.457236 0.077796
GN2 0.16096 0.16096 0 0.457236 0.077796
GN3 0.25 0.27 0.00000 0.457236 0.077796
GN4 0.3 0.335 0.02400 0.457236 0.077796
GN1 GN2 GN3 GN4
GN1
GN2 0.02
GN3 0.0000 0.0000
GN4 0.0650 0.1000 0.0350
ZMFVD GN1 GN2 GN3 GN4
1 0.84644 0.06562 0.05427 0.03367
10000 0.84644 0.06562 0.05427 0.03367
CUT
Mole
 (mole%)
MW
(g/mole)
Tc
(°C)
Pc
(bar)
Vc
GN1 80.705 17.960283 205.449429 48.001072 0.102197
GN2 7.356 49.483959 391.332097 40.52999 0.224228
GN3 6.327 96.368092 545.150000 29.00000 0.394061
GN4 5.612 206.287075 797.570000 23.20000 0.995724
CUT ACF SSHIFT PARACHOR OMEGAA OMEGAB
GN1 0.024353 -0.04 79.04906 0.457236 0.077796
GN2 0.16096 0 164.185762 0.457236 0.077796
GN3 0.27 0 293.01222 0.457236 0.077796
GN4 0.335 0.0065 612.35826 0.457236 0.077796
GN1 GN2 GN3 GN4
GN1
GN2 0.02
GN3 0.0000 0.0000
GN4 0.0600 0.1000 0.0350
ZMFVD GN1 GN2 GN3 GN4
1 0.80705 0.07356 0.06327 0.05612
10000 0.80705 0.07356 0.06327 0.05612
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4C EOS Model for R4 (07-08).  EOS: Peng Robinson EOS Reservoir Temperature = 141.2
0
C Surface Pressure = 1bar 
Surface Standard Temperature = 15
0
C 
 
 
Table C—15: Composition fluid properties for R4 (07-08) 
 
 
Table C—16: Equation of State Parameters for R4 (07-08) 
 
 
 
Table C—17: Binary interaction coefficients for R4 (07-08) 
 
 
  
Table C—18: Total composition with respect to depth for R4 (07-08) 
 
 
4C EOS Model for R4 (09-10).  EOS: Peng Robinson EOS Reservoir Temperature = 141.9
0
C Surface Pressure = 1bar 
Surface Standard Temperature = 15
0
C 
 
 
Table C—19: Composition fluid properties for R4 (09-10) 
 
 
Table C—20: Equation of State Parameters for R4 (09-10) 
 
 
CUT
Mole
 (mole%)
MW
(g/mole)
Tc
(°C)
Pc
(bar)
Vc
GN1 83.08 17.960283 205.449429 48.001072 0.102197
GN2 7.2 49.483959 391.332097 40.52999 0.224228
GN3 6.09 96.368092 533.150000 31.00000 0.394061
GN4 3.63 206.287075 813.150000 22.80000 0.995724
CUT ACF SSHIFT PARACHOR OMEGAA OMEGAB
GN1 0.024353 -0.08 79.04906 0.457236 0.077796
GN2 0.16096 0 164.185762 0.457236 0.077796
GN3 0.25 0 293.01222 0.457236 0.077796
GN4 0.3 0.01 612.35826 0.457236 0.077796
GN1 GN2 GN3 GN4
GN1
GN2
GN3 0.0000 0.0000
GN4 0.0720 0.0000 0.0000
ZMFVD GN1 GN2 GN3 GN4
1 0.8308 0.072 0.0609 0.0363
10000 0.8308 0.072 0.0609 0.0363
CUT
Mole
 (mole%)
MW
(g/mole)
Tc
(°C)
Pc
(bar)
Vc
GN1 87.224 17.960283 205.449429 48.001072 0.102197
GN2 6.06 49.483959 391.332097 40.52999 0.224228
GN3 4.254 96.368092 538.150000 31.00000 0.394061
GN4 2.462 206.287075 827.150000 22.80000 0.995724
CUT ACF SSHIFT PARACHOR OMEGAA OMEGAB
GN1 0.024353 -0.08 79.04906 0.457236 0.077796
GN2 0.16096 0 164.185762 0.457236 0.077796
GN3 0.25 0 293.01222 0.457236 0.077796
GN4 0.3 0.01 612.35826 0.457236 0.077796
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Table C—21: Binary interaction coefficients for R4 (09-10) 
 
 
  
Table C—22: Total composition with respect to depth for R4 (09-10) 
 
 
4C EOS Model for R9.  EOS: Peng Robinson EOS Reservoir Temperature = 140.125
0
C Surface Pressure = 1bar 
Surface Standard Temperature = 15
0
C 
 
 
Table C—23: Composition fluid properties for R9 
 
 
Table C—24: Equation of State Parameters for R9 
 
 
 
Table C—25: Binary interaction coefficients for R9 
 
 
 
  
Table C—26: Total composition with respect to depth for R9 
  
GN1 GN2 GN3 GN4
GN1
GN2
GN3 0.0000 0.0000
GN4 0.0720 0.0000 0.0000
ZMFVD GN1 GN2 GN3 GN4
1 0.8308 0.072 0.0609 0.0363
10000 0.8308 0.072 0.0609 0.0363
CUT
Mole
 (mole%)
MW
(g/mole)
Tc
(°C)
Pc
(bar)
Vc
GN1 87.62 17.96 205.450000 48 0.102200
GN2 5.96 49.48 391.330000 40.53 0.224200
GN3 4.43 96.37 546.150000 31.60000 0.400000
GN4 1.99 206.287075 823.150000 23.00000 0.995000
CUT ACF SSHIFT PARACHOR OMEGAA OMEGAB
GN1 0.02444 -0.25 79 0.457236 0.077796
GN2 0.161 -0.25 161.2 0.457236 0.077796
GN3 0.26 0.02 291.40040 0.457236 0.077796
GN4 0.33 0.02 612.35826 0.457236 0.077796
GN1 GN2 GN3 GN4
GN1
GN2 0
GN3 0.0000 0.0000
GN4 0.0833 0.0500 0.0300
ZMFVD GN1 GN2 GN3 GN4
1 0.8762 0.0596 0.0443 0.0199
10000 0.8762 0.0596 0.0443 0.0199
36                                                                                                Geomodel Update and Development Optimization of a Niger Delta Field
  
 
 
  
Fig. C—1 R4 Reservoir Pressure and saturation pressure profile Fig. C—2 R4 Reservoir Solution gas profile with depth 
 
 
 
  
Fig. C—3 R4 Fluid viscosity profile with depth   Fig. C—4 R4 oil formation volume factor with depth 
 
 
Fig. C—1 to C—4 shows the PVT properties trend with depth.   
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APPENDIX D: Process and Pseudo Process 
 
 
Fig. D—3 “A” field process schematic 
 
 
 
 
Fig. D—4 Pseudo-process used for calculation of the PVT properties, “AE” Panel. 
 
 
 
Fig. D—5 Pseudo-process as implemented in the compositional simulation model. 
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APPENDIX E: 
 
 
Fig. E—1 Initialization of the “AE” panel. 
 
 
 
“AE” Panel Porosity distribution (Petrel) 
 
 
“AE” Panel NTG distribution (Petrel) 
 
 
“AE” Panel Sw distribution (Petrel) 
 
“AE” Panel Porosity distribution (Eclipse) 
 
 
“AE” Panel NTG distribution (Eclipse) 
 
 
“AE” Panel Sw distribution (Petrel) 
 
Fig. E—2 Visual consistency check of properties between geological model and simulation model of the “AE” panel. 
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APPENDIX F 
 
 
Fig. F—1 well placement in R4-FU1 using multiple maps 
 
 
Fig. F—2 well placement in R4-FU2 using multiple maps 
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Fig. F—3 well placement in R4-FU3 using multiple maps 
 
 
Fig. F—4 well placement in R4-FU4 using multiple maps 
 
Fig. F—1 to 4 shows the strategy employed in well placement for the R4 Reservoir. Water Saturation, Permeability-thickness, HCPVg and NTG 
maps were generated for each flow unit within the R4 reservoir and   
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Fig. F—5 Gas production profile showing a total recovery of 7.03 G sm
3 
(Recovery factor 70%) from R4 reservoir with THP of 10 bar 
 
 
Fig. F—6 GIIP profile as per flow unit during production in R4 
 
 
Fig. F—7 A5 well placement in R9 using multiple maps 
  
42                                                                                                Geomodel Update and Development Optimization of a Niger Delta Field
  
 
 
Fig. F—8 water injectors I1 and I2 placed in the aquifer of R4 reservoir using multiple maps 
 
 
Fig. F—9 Field gas production profile of well A2 and A3 with and without water injectors I1 and I2 in R4 reservoir  
 
Fig. F—10 field water production profile of well A2 and A3 with injectors I1 and I2 in R4 reservoir 
